Coscinium fenestratum (Gaertn.) Colebr. is an important medicinal plant belonging to the family Menispermaceae. Multiple shoots were formed from epicotyl explants on Murashige and Skoog (MS) medium supplemented with 1.0 µM kinetin (Kin) and 0.25 µM 2,4-Dichlorophenoxy acetic acid (2,4-D). A maximum of five shoots were obtained from one explant in a 75-day culture period. The effect of subsequent subcultures on shoot formation was also studied. Repeated subculture favoured the increase in shoot length and the number of shoots per explant in the media containing Kin and 2,4-D. Higher concentrations of either cytokinin used: butyric acid (BA) or Kin causes stunting of multiple shoots with small and narrow leaves. After 100% in vitro rooting was obtained in half-strength MS supplemented with 2.5 µM Indole-3-butyric acid (IBA), plantlets were transferred to ex vitro conditions. Following a 15-day in vitro rooting period and 12 days of ex vitro acclimatization, 66.7% of the plantlets were established in the compost beds for another two months to improve the leaf size and then transferred to the field with 100% survival rate. This protocol has the potential for use as a tool for mass scale production of planting material.
INTRODUCTION
Coscinium fenestratum (Gaertn.) Colebr is a woody climber (popularly known as ''weniwel'' in Sinhala) which grows wild in the natural rain forest reserves in Sri Lanka and India. This species is listed as endangered in the IUCN Red Data Book and in the Convention on International Trade in Endangered species of wild Fauna and Flora (CITES) listing because of its large scale harvesting for medicinal use 1 . Due to the importance as a medicinal plant, it has become one of the most exploited species. Therefore, sustainable management of this species is needed. In nature, the species propagates through seeds and vegetative perennial stem cuttings. There are records on in vitro callus induction for determination of berberine content in C. fenestratum 2 . However, successful in vitro propagation protocols for the species have not yet been reported. Vegetative propagation is very slow and conventional propagation through seeds and vegetative cuttings is not adequate to meet the demands of conservation and sustainable utilization. Therefore, the development of an in vitro protocol for production of planting material is important to conserve this valuable endangered species. The objective of this study was to develop a feasible in vitro protocol for mass propagation of C. fenestratum and acclimatize and establish the planting material in home gardens and their natural habitats.
METHODS AND MATERIALS
a) Plant material, surface sterilization and explant isolation: C. fenestratum seeds were collected from wild populations of the Sinharaja rain forest and the Yagirala conservation forest. They were air-dried and stored in brown paper bags until the experiments were initiated.
Prior to use, seeds were washed with a 2% (v/v) tween 20 (mild detergent) solution for 10 min, followed by 2 successive washings in sterile distilled water. Thereafter, the seeds were surface-sterilized for 10 min in 10% Clorox™ (Sodium hypochlorite v/v) followed by thorough rinsing with sterile distilled water. Seeds were clipped and germinated under aseptic conditions on Murashige and skoog (MS 3 ) basal medium supplemented with 3% sucrose and 0.8% agar. Epicotyl segments from 20-day-old in vitro-germinated seedlings were used as explants.
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Journal of the National Science Foundation of Sri Lanka 38 (4) Shoot tips were removed from 6-month-old seedlings to induce axillary bud elongation. Axillary buds of 2.0 cm in length were excised. These were then sterilized by an initial exposure for 10 min in 10% Clorox™ solution and then in 70% ethanol for 30 s, each followed by 2 successive washings in sterile distilled water. At the initial stage, the explants were cultured individually for 30 days. Thereafter, the clumps of shoots produced were divided into single shoots and then periodically sub-cultured at 5 wk-intervals (3 times) in the same media type to obtain high multiplication rates. c) Rooting: Rooting of shoots (after third subculture) was carried out on full or half-strength MS medium supplemented with different concentrations of Indole-3-butyric acid (IBA) (0.0, 1.0, 2.5 or 5.0 µM) and compared with the control (growth regulator free MS medium). All cultures were incubated at 25±1°C under a 16 h photoperiod with light provided by cool fluorescent tubes at an intensity of 3000 lx.
d) Transfer of in vitro propagated plants to soil:
In order to determine the optimum rooting period and to obtain optimum plantlet output, rooted shoots were removed from the rooting medium (half-strength MS supplemented with 2.5 µM IBA) at different time intervals (0, 15, 30 days after rooting). Three replicates of 6 plantlets (a total of 18 plantlets per sampling period) were removed from the culture flasks and washed thoroughly in running tap water to remove all traces of agar attached to the roots. They were then transplanted in plastic pots containing a mixture of autoclaved compost: sand (1:1 v/v). Pots were covered with polythene bags to maintain high humidity. Plants were irrigated at weekly intervals with 50 MS in the first week, 25% MS in the second week and thereafter with tap water.
Plantlets were kept in a growth room. After 12 days, the pots were transferred to a net house for a further period of 2 weeks and irrigated with tap water on alternate days. Polythene covers were removed gradually, and the plants were then transferred to earthen pots containing garden soil. Growth of the plantlets was monitored after transplantation.
e) Statistical analysis:
All experiments were carried out using completely randomized design (CRD) and repeated at least 3 times. Unless otherwise stated, 20 explants were used in each treatment. The effect of different treatments was quantified, and the level of significance was determined by the analysis of variance (ANOVA) and least significance difference (LSD<0.05) among mean values 4 .
RESULTS

Surface sterilization
Surface sterilization of seeds was successfully achieved with a 10 minute exposure to 10% Clorox (Sodium hypochlorite) followed by thorough rinsing with sterile distilled water. Almost 100% of the aseptic seeds germinated within 4 weeks in growth regulator free MS medium.
Shoot initiation and multiplication
All explants from in vitro germinated seedlings produced shoots on MS medium. The effect of different combinations of culture media on establishment and growth is shown in Table 1 . The explants grown on growth regulator free MS medium (control) initiated shoot growth but did not elongate or multiply. However, shoot elongation and multiplication was observed in all The effect of the presence of BA and Kin (cytokinin types) in the MS medium was examined during this phase of propagation. Kin was less favourable for shoot multiplication than BA. With a progressive increase in Kin concentration from 0.5 µM to 2.0 µM there was a steady decrease in shoot length (4.3±0.2 -2.0±0.1 cm). On the other hand, a gradual increase in BA concentration from 0.5 µM to 2.0 µM significantly increased the shoot number (1.6±0.1-3.2±0.3 per explant). However, the increase in shoot length was very low (2.8±0.1-2.9±0.1 cm). Higher concentrations of both cytokinins induced shoot multiplication in subsequent subculture cycles but the leaves became narrow ( Figure 1A , B). and length was significant (p<0.05) when compared to the best responding combinations.
Rooting
The effect of different IBA levels on root induction is summarized in Table 2 . Roots were induced in all tested media. In most of the treatments, root initiation was observed after the 3 rd week of transferring the shoots to the rooting medium. It was observed that the rooting percentage not only depends on the concentration of IBA but also on the strength of the basal medium. Rooting percentage (highest 66.7%) was significantly lower in full-strength MS than in half-strength medium (lowest 73.3%), and also the rooting process was slower in full strength MS.
Less number of smaller roots were induced in growth-regulator free media. In full-strength MS medium only 20% of the shoots produced roots while 80% of the shoots grown in half-strength media induced roots. Addition of 1.0 µM or 2.5 µM IBA to full-strength MS did not produce any significant effect. Rooting percentage in the presence of 5.0 µM IBA was significantly higher than other IBA concentrations. Conversely, 100% rooting was achieved in half-strength MS medium supplemented with 2.5 µM IBA. Further increase of IBA level into 5.0 µM decreased the rooting percentage. Significantly higher number of roots per shoot (21.6±0.4) and length of the roots (4.6±0.3 cm) were achieved in half-strength MS medium supplemented with 1.0 µM IBA suggesting that half-strength MS supplemented with either 1.0 µM or 2.5 µM IBA can be used as standard media type for maximum rooting.
Rooted plantlets were transferred into pots with compost and sand and maintained for 12 days after which they were established in compost beds for a period of 2 months to improve the leaf size. They were then transferred to natural habitats ( Figure 1C -E) .
DISCUSSION
Tissue culture as a means for large-scale production of planting material has been reported 5 -9 . A replicable and complete micropropagation protocol for Coscinium fenestratum using seedling explants has been developed. Using the micropropagation procedure reported it is estimated that a single explant can produce approximately 20 hardened plants in a complete cycle. This protocol is, therefore, capable of producing well-rooted plantlets of the species.
Wilting or browning of the mature explant makes its use difficult for tissue culture work. In order to save time and cost, juvenile explants were preferred. Ex vitro-raised seedling explants expressed a high degree of fungal and bacterial contamination. Such heavy infections have also been reported in some other medicinal plants and are often related either to the sanitary state of the parent plant or the presence of some dormant bacterial spores resistant to most disinfectants 9 . In such cases, the use of a stronger disinfectant could damage the juvenile tissues of the explant and thus is not very safe to use 10 .
Significant improvement in shoot formation over the control has been achieved with the addition of cytokinins like BA and Kin [11] [12] . BA alone favoured shoot multiplication, which was very obvious as it is considered to be one of the most useful cytokinins for achieving the multiplication and micro-propagation of plants 13 . In the present investigation, a combination of 2,4-D with Kin gave the best response. A reduction in shoot number with increasing cytokinin concentration has been reported in Gymnema sylvestre -an important medicinal plant 14 . A combination of 2,4-D, BAP and Kin (2.0, 2.0, 1.0 µM respectively) in MS medium enhances the callus production in C. fenestratum 2 . Thus, the use of a comparatively lower concentration of growth regulator in the present protocol is an important factor to consider, as it minimizes the risk of producing genetically altered individuals. Rooting of in vitro produced shoots was best on half-strength MS medium supplemented with IBA, which has also been reported for some other medicinal plants 9 .
The success of a protocol is assessed largely on the survival and growth performance of propagated plantlets ex vitro. In the present study, results indicate that a 12-day acclimatization period under controlled conditions is required before the plantlets can be transferred to the field. In the beginning, the plants expressed transplantation shock, which can be a result of physiological changes due to severe alterations in environmental conditions and less adapted epidermis of leaves. These in vitro-raised plantlets did not show any apparent morphological abnormality but exhibited improved leaf shape. The tissue cultured plants grown in the field (now 8 years old) did not show any deformations. However, it is importent to compare the chemical constituents of tissue-cultured plants with natural plants after the tissue cultured plants reach maturity.
This protocol provides a successful and rapid technique that can be used for ex-situ propagation and conservation of Coscinium fenestratum (Gaertn.) Colebr. As part of domestication strategy, these plants can be grown and cultivated in fields. The application of this protocol to 
